Cloning of the Escherichia coli K12 GMPR gene and mutagenesis. The 1.4-kb guaC gene encoding GMPR from E. coli K12 was amplified from a pUC plasmid using pET28a GMPR FP (5'-TGGTGCCTCGTGGTAGCCATATGCGTATTGAAGAAGATCTGAAGTTAGGT-3') and pET28a GMPR RP (5'-CTCAGCTTCCTTTCGGGCTTTGTTACAGGTTGTTGAAGATGCG-GTTTTCT-3'). The resulting PCR product was then used in a second PCR with empty pET28a vector to afford pET28a GMPR. C186A, Thr188A and E289Q were cloned out of a pGS682 plasmid using the pET28a GMPR FP and pET28a GMPR RP. The resulting PCR products were utilized in a second PCR with pET28a GMPR as the template to create the mutant plasmids. The generated PCR product was subsequently used as the forward and reverse primers with pET28a GMPR as the template DNA to construct the mutant. Phusion™ Hot Start DNA polymerase was used for all cloning procedures. DNA sequencing of each plasmid revealed the desired sequence.
induced with 0.5 mM IPTG when the OD 600nm reached 0.6. The cells were then grown at 25 o C for an additional 22 h followed by centrifugation at 4 o C for 15 min at 11,900 x g in a Beckman
JLA10.500 rotor. The cell paste was resuspended in GMPR start buffer (50 mM Tris, pH 7.8 at 4
o C, 100 mM KCl, 1 mM DTT, 1 mM benzamidine, and 10% glycerol) and stored at -80 o C. The cell paste was thawed and sonicated on ice for 2 min total [35% Amp, 20.0 s on and 40.0 s off].
After centrifugation at 23,700 x g for 30 min in a Beckman JA20 rotor, the supernatant was filtered through a 0.2 µm cellulose acetate filter. The filtered supernatant was loaded at 1 mL/min onto a 1 mL His Hi Trap column charged with 0.1 M NiSO 4 and equilibrated in GMPR start buffer on an ATKA FPLC. The affinity column was washed with 5 column volumes GMPR start buffer. The column was washed with 10 column volumes of buffer 1 (75 mM Tris, pH 7.8 at 4 o C, 100 mM KCl, 1 mM DTT, and 30 mM imidazole). The His column was then washed from 10 column volumes at 75% buffer 1 and 25% buffer 2 (75 mM Tris, pH 7.8 at 4 o C, 100 mM KCl, 1 mM DTT, and 500 mM imidazole). The protein was eluted over 20 column volumes using gradient from 25% to 100% buffer 2 while collecting 1 mL fractions. harvested by centrifugation and pellets were resuspended in 50mM HEPES pH 7.5, 500mM
NaCl, 10% glycerol. Lysosyme (50 ug/mL) was added as well as one Complete EDTA-free protease inhibitor Supplementary Tablet to the cell pellet. Cells were disrupted by sonication (60%, 1s-1s pulse on-off) for three minutes. The sample was centrifuged for one hour at 40,000
× g. The soluble fraction was filtered through 0.22 µm filter and subjected to further purification.
Purification was conducted automatically on an ÄKTA xpress system operated by UNICORN software at a flow of 0.8 mL/min. Prior to purification columns were equilibrated with IMAC Bind/Wash1 Buffer (50 mM HEPES, pH 7.5, 10 mM imidazole, 500 mM NaCl, 10% glycerol, 0.5 mM TCEP) for HisTrap HP 1 mL and gel filtration buffer (20 mM HEPES pH 7.5, 300 mM NaCl, 10% glycerol, 0.5 mM TCEP) for HiLoad™ 16/60 Superdex 200 Prep Grade. The protein sample was loaded on the HisTrap HP column that was washed with IMAC bind/wash1 buffer followed by IMAC wash2 buffer (50 mM HEPES, pH 7.5, 50 mM imidazole, 500 mM NaCl, 10% glycerol, 0.5 mM TCEP). Bound protein was eluted from the IMAC columns with 7.5 mL of IMAC elution buffer 50 mM HEPES, pH 7.5, 400 mM imidazole, 500 mM NaCl, 10% glycerol, 0.5 mM TCEP and loaded in the gel filtration column. The chromatogram from gel filtration showed one major protein peak that mainly consisted of GMPR2 of high purity as shown by SDS-PAGE analysis. TCEP was added to the pooled protein peak to a final concentration of 2 mM. The protein was concentrated to 15 mg/mL and stored at -80ºC. Fractions were analyzed for purity by their A 260 /A 340 ratios. Fractions with a ratio less then 2.6
were considered pure and pooled. For isotope effect experiments, fractions with similar concentrations and A 260 /A 340 ratios were utilized.
Synthesis of 2-Cl-IMP. 2-Cl-Adenosine was phosphorylated using POCl 3 as previously described 5 . The product of the reaction was purified over a 10 g DEAE column with a 500 mL Bacterial complementation assays. BL21 ΔguaB 8 and BL21 ΔguaC (this study) were transformed with pET28a and pET28a constructs designed to express either E. coli IMPDH or E.
coli GMPR. Cultures were grown overnight in LB medium with 25 µg/ml kanamycin, centrifuged and resuspended in water. Aliquots (5 µl) of 1:5 serial dilutions were plated on M9 minimal media containing 0.5% casamino acids, 100 µg/ml L-tryptophan, 0.1% thiamin, 25 µg/ml kanamycin, and 66 µM IPTG. As noted, media were supplemented with 20 µg/ml guanosine or xanthine. Plates were incubated at 37°C. 30-100 21 . ADH values from 22 . For TAD, the atoms in the positions corresponding to NAD + have been used for torsion angle definitions. Note, the cofactor models from subunits C and E are shown in Figure 4d . 
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